The benefit of tamoxifen in reducing the risk of contralateral breast cancer among women with early-stage breast cancer provided the rationale for large-scale chemoprevention trials. The disclosure of a clear-cut risk reduction of breast cancer attained by tamoxifen in the National Surgical Adjuvant Breast and Bowel Project Breast Cancer Prevention Trial (NSABP P-1) ( 1 ) prompted the publication of initial findings from several other ongoing tamoxifen trials, which had found no statistically significant reduction of breast cancers in women receiving tamoxifen ( 2 , 3 ) . Because the trials had similar designs (double-blind randomized studies of 20 mg tamoxifen versus placebo daily for 5 years), it was postulated that differences in the study populations could be responsible for the discrepancy in the results ( 4 ) . The NSABP P-1 trial included only women who were at increased risk of breast cancer, whereas the Italian trial ( 3 ) included women who had undergone hysterectomy, of whom nearly 50% had also undergone oophorectomy.
The NSABP P-1 trial was stopped early due to the large and statistically signifi cant reduction in the incidence of invasive breast cancer in the women assigned to tamoxifen, and women in the placebo group were given the opportunity either to receive a 5-year course of tamoxifen or to be randomly assigned to the Study of Tamoxifen and Raloxifene (STAR) trial ( 5 ) , whereas the Italian trial ( 3 ) continued in accordance with the original protocol. Women continued treatment, blindly, for a total of 5 years and are still being followed for major events, enabling the study of the long-term effi cacy of tamoxifen.
Here we present the updated results of the Italian Randomized Tamoxifen Prevention Trial after 11 years of follow-up, focusing on the occurrence of breast cancer (the primary study endpoint). We also describe the variety of symptoms and adverse events reported during treatment, including cancers other than the breast and all-cause mortality (the secondary study endpoints).
Patients and Methods

Accrual, Drug Administration, and Follow-up
The Italian Randomized Tamoxifen Prevention Trial ( 3 ) included healthy women aged 35 -70 years at average risk for breast cancer who had had a total hysterectomy to avoid the risk of endometrial cancer associated with tamoxifen use ( 6 ) . All patients provided written informed consent, and the trial received authorization number 800.C. 35/75 .354 from the Italian National Ministry of Health.
The study design and preliminary results on breast cancer risk and other study outcomes have been published elsewhere ( 3 , 7 -10 ) . In brief, the study started on October 1, 1992 , and recruitment ended by December 31, 1997 . Women were randomly assigned in a double-blind manner to receive tamoxifen (20 mg daily) or placebo for 5 years. The initial sample size calculation assumed a reduction of one-third in breast cancer risk as shown by the data on the incidence of new contralateral breast cancer in patients treated with tamoxifen as an adjuvant. A reevaluation of the study power based on the initial results of the NSABP P-1 trial ( 1 ) and on the observed incidence rate of breast cancer in women assigned to placebo in our trial (2.5% per women-year) ( 3 ) demonstrated that the 5408 women enrolled in the trial confer a 90% power to detect a 49% reduction of the incidence of invasive breast cancer 10 years after randomization and a 95% power to detect a 68% reduction of ER+ breast cancers at ␣ = .05. Treatment allocation used a randomized permuted block design, with stratifi cation by institution. The allocation process was centralized at the Data Center at the European Institute of Oncology. Randomization was by telephone call (occasionally fax) to the center. Women with severe concurrent disease were excluded from random assignment. Use of estrogen replacement therapy was allowed at random assignment and/or during the trial. During the treatment period (fi rst 5 years), women had a physical examination every 6 months and blood testing (including white blood cell and platelet counts and measures of high-density lipoproteins, low-density lipoproteins, and total cholesterol and of alanine and aspartate aminotransferase) and mammography every 12 months. After completion of treatment, or in case of dropout, women were followed on an annual basis. Information about major endpoints, such as death, serious adverse events, or cancer diagnosis, was collected continuously and submitted to the data center at the European Institute of Oncology.
Breast Cancer Risk Assessment
Although women were not selected for the study according to their risk of developing breast cancer, the majority (n = 2876, 53%) of participants had had both ovaries removed during hysterectomy and thus were at low risk for the disease. Because previous reports ( 1 , 4 ) had demonstrated the efficacy of tamoxifen on endocrine-responsive tumors among women at high risk for breast cancer, we decided to perform an exploratory analysis by stratifying women according to their risk of developing such a tumor. We defined a group of 702 (13%) women as having high risk of hormone receptor -positive (HR+) breast cancer based on their baseline characteristics. This group included women who were taller than 160 cm (the median height of the group), had at least one intact ovary, were younger than age 14 years at menarche (the upper age tertile of the group), and had no full-term pregnancy before age 24 years (the median age at first pregnancy of the group) ( 8 ) . The remaining 1830 (34%) women with at least one intact ovary were classified as the low-risk group. The 2876 (53%) women who had had a bilateral oophorectomy were analyzed separately.
CONTEXT AND CAVEATS
Prior knowledge
The initial results from the Italian Tamoxifen Trial showed no reduction in risk of breast cancer with tamoxifen treatment compared with placebo, which was in contrast to the National Surgical Adjuvant Breast and Bowel Project Breast Cancer Prevention Trial.
Study design
Randomized double-blind phase III trial of tamoxifen treatment among healthy women who had undergone hysterectomy. Data were also analyzed based on the woman's baseline risk, low or high, for hormone receptor -positive (HR+) breast cancer.
Contributions
Rates of breast cancer were similar in both groups among women at low risk but were lower in the tamoxifen group than in the placebo group among women at high risk. More women in the tamoxifen group than in the placebo group reported side effects, including hot flashes and cardiovascular events.
Implications
Women who are at high risk for breast cancer and not for cardiovascular disease may benefit from tamoxifen treatment as a prevention strategy for HR+ breast cancer.
Limitations
Most women were not at high risk for breast disease.
Immunohistochemistry
Immunohistochemical investigations were performed on formalinfixed, paraffin-embedded tissues as previously described ( 11 ) . Immunoreactivity for estrogen and progesterone receptors was scored according to the percentage of neoplastic cells, with sections with 10% or more immunoreactive cells identifying HR+ tumors ( 12 ) . For Ki-67 labeling index, as assessed with the MIB1 mouse monoclonal antibody (1:200 dilution, Dako, Glostrup, Denmark), we used the median value (15%) of the absolute percentage of the neoplastic cells showing nuclear immunoreactivity as a cutoff for positivity ( 13 ) . For HER2/neu, which was evaluated using a 1 : 100 dilution of a polyclonal antiserum (Dako, Glostrup, Denmark), overexpression (3+) was defined as the presence of moderate to strong staining of the entire membrane in >10% of the tumor cells ( 13 ) .
Statistical Methods
The data included in this manuscript are based on information received and processed by the Italian Tamoxifen Study data center as of December 31, 2005 . All analyses were performed on an intention-to-treat basis. Incidence rates for the study endpoints were calculated for each group by dividing the number of observed events by the number of event-specific person-years of follow-up. For symptoms and adverse events, which were recorded at the patient's follow-up visits while on treatment, person-years were calculated from the date of random assignment to the date of termination of the treatment, the date of development of the specific event, or the date of dropout from treatment, which ever came first. For other cancers and for deaths, person-years were calculated from the date of random assignment to the date of last follow-up (on an annual basis after termination of the 5 years of treatment) or to the date of the specific event. For breast cancer, person-years were calculated from the date of random assignment to December 31, 2005 , regardless of the follow-up status of the participant. Event rates in the two groups were compared by using risk ratios (RRs) and 95% confidence intervals (CIs). Confidence intervals were determined assuming that the events followed a Poisson distribution.
Because healthy, mostly middle-aged women were enrolled in the trial, mortality did not constitute a major competing risk of failure. Therefore, the cumulative incidence of the various types of events were determined using Kaplan -Meier methods ( 11 ) . The two treatment groups were compared by using the log-rank test. Hazard ratios (HRs) and 95% confi dence intervals were obtained using Cox proportional regression model after adjustment for patient's age (in 5-year age groups) and participating center. Before presenting results from the log-rank tests or from the Cox models, we tested the proportional hazards assumption by introducing a constructed time-dependent variable and testing for its statistical signifi cance. All P values were two-sided. All analyses were performed with SAS software (v8, SAS, Cary, NC).
Results
Participant Characteristics
A total of 5408 women were randomly assigned to placebo (n = 2708) or to tamoxifen (n = 2700) ( Table 1 ). Of these, 2119 (39.2%) interrupted treatment before completion (1407 voluntarily, 394 for major events, such as cardiovascular, cerebrovascular or thromboembolic events, cancer or hepatic disease, 99 for major changes in protocol [previously eligible women who had incomplete hysterectomy or endometriosis which rendered the women ineligible], 56 for ineligibility [incomplete hysterectomy after protocol modification or major medical conditions not reported at the baseline visit], 154 for loss to follow-up, and 9 for death), whereas 3289 women (60.8%) completed the 5-year treatment period. On average, women underwent treatment for 4.0 years and were followed for 9.1 years, and 11.2 years elapsed from random assignment to December 31, 2005 . No differences were observed between the two study groups in any of the baseline characteristics ( Table 2 ).
Breast Cancer
Through 11 years of follow-up, 74 women in the placebo group and 62 women in the tamoxifen group developed breast cancer ( P = .30, Fig. 1 ). The corresponding annual rates of breast cancer in the two groups were 2.48 and 2.07 per 1000 women-years, respectively ( Table 3 ) . Six (8.1%) women in the placebo group and nine (14.5%) in the tamoxifen group had noninvasive tumors. Interestingly, among women taking estrogen replacement therapy at baseline, statistically significantly fewer women in the tamoxifen group than in the placebo group developed breast cancer (9 versus 21, HR = 0.43, 95% CI = 0.20 to 0.95).
We further studied the effect of tamoxifen treatment on the incidence of breast cancer according to known prognostic and predictive factors (histology [ * Used for the evaluation of the rates of intercurrent events. † Used for the evaluation of the rate of cancers other than of the breast. ‡ Used for the evaluation of the rate of breast cancer.
[0 -2+, 3+, or unknown]. Overall, we observed a statistically significant reduction of progesterone receptor -positive (PgR+) tumors among women who were taking tamoxifen (n = 27) compared with those on placebo (n = 44) (RR = 0.61, 95% CI = 0.38 to 0.99; Supplementary Table 1 , available online). Tamoxifen treatment was not associated with any other difference in tumor characteristics. When analyses were restricted to subsets of women defi ned according to their baseline characteristics, we observed a strong reduction of breast cancer in women with at least one intact ovary and at high risk of developing HR+ tumors. In this high-risk group (702 women taller than 160 cm, with at least one intact ovary, who were <14 years of age at menarche, and who had no full-term pregnancy before age 24 years), the rate of breast cancer was 6.26 per 1000 women in the placebo group and 1.50 per 1000 womenyears in the tamoxifen group, yielding a reduction of breast cancer of 4.76 per 1000 women-years (RR = 0.24, 95% CI = 0.10 to 0.59) ( Table 3 ). In contrast, women who had undergone bilateral oophorectomy (RR = 0.86, 95% CI = 0.50 to 1.47) or women with at least one intact ovary but at low risk of HR+ tumors (RR = 1.46, 95% CI = 0.84 to 2.53) had no reduction in breast cancer risk with tamoxifen treatment ( Table 3 , Fig. 2 ). In this last group of women at low risk of HR+ tumors, tamoxifen treatment was associated with a non -statistically signifi cant excess of breast cancer ( Table 3 ) that was more pronounced for ER -(tamoxifen versus placebo, nine versus fi ve; RR = 1.72, 95% CI = 0.58 to 5.13) and PgR -(tamoxifen versus placebo, 15 versus 8, RR = 1.79, 95% CI = 0.76 to 4.23) tumors than for ER+ and PgR+ tumors. Similarly, among women with a positive family history (one or more fi rst-degree relatives with breast cancer), more breast cancers were observed in the tamoxifen group than in the placebo group, although the excess was not statistically signifi cant ( Table 3 ). Among women in * The high-risk group includes women taller than 160 cm, with at least one intact ovary, who were younger than age 14 years at menarche, and who had no full-term pregnancy before age 24 years. The low-risk group includes the remaining women with at least one intact ovary. NOS = not otherwise specified. the high-risk group, the breast cancer risk reduction was similar during treatment (HR = 0.18, 95% CI = 0.04 to 0.85) and after treatment (HR = 0.20, 95% CI = 0.06 to 0.69) ( Fig. 3 ) . Thus, there was evidence of benefi t even after treatment stopped. During follow-up of women who developed breast cancer, one woman in the tamoxifen group and two women in the placebo group had a loco-regional relapse. Three women in the tamoxifen group and two in the placebo group developed distant metastases. Two women in each group died from breast cancer.
Adverse Events
Because adverse events that occurred after termination of the intervention (or after dropout from the study) were not systematically reported to the data center, and because these late events would have less likely been attributable to the active treatment than those occurring during the active phase of the trial, we restricted the analysis to events that occurred during intervention, while women were still actively being followed. We measured the cumulative incidence of each event that occurred during the 5-year intervention period in the two study groups (Supplementary Figs. 1 -3 , available online).
A statistically signifi cant excess of vasomotor symptoms were observed in women in the tamoxifen group compared with the placebo group ( Table 4 , Fig. 4 ). Hot fl ashes were the most common: among women who were free of symptoms at entry, 21.2% of the women in the placebo group reported hot fl ashes for the fi rst time during treatment versus 31.3% of women in the tamoxifen arm (RR = 1.78, 95% CI = 1.57 to 2.00). Similarly, vaginal discharge was more frequent in women in the tamoxifen group than in those in the placebo group (RR = 3.44, 95% CI = 2.90 to 4.09), whereas vaginal dryness was not associated with tamoxifen treatment (RR = 1.14, 95% CI = 0.97 to 1.34).
Women in the tamoxifen group complained more frequently of urinary disturbances (cystitis or incontinence) (RR = 1.52, 95% CI = 1.23 to 1.89) than women in the placebo group but less often of headache (RR = 0.68, 95% CI = 0.50 to 0.94) ( Table 4 ). All other adverse events (nausea, vomiting, diarrhea, dermatologic alterations, ophthalmologic disease, gastric complaints, weight gain, fl uid retention, anxiety, and sexual disorders) were reported equally in the two groups during the active intervention period ( Table 4 ; Supplementary Table 2 , available online) .
As previously reported, tamoxifen treatment was associated with an excess of venous thromboembolic events ( Table 4 ) . Of the total of 72 women who developed thromboembolic events (51 superfi cial phlebitis, 17 deep venous thrombosis, 2 pulmonary embolism, including one who also had superfi cial phlebitis, one visceral venous thrombosis, and two retinal venous thrombosis) during the 5-year intervention period, 28 were on placebo and * Rate in the placebo group minus rate in the tamoxifen group. † Risk ratio (RR) for women in the tamoxifen group relative to women in the placebo group. CI = confidence interval. ‡ NOS = not otherwise specified; NE = not able to estimate. § The high-risk group includes women taller than 160 cm, with at least one intact ovary, who had menarche at younger than age 14 years, and who had no full-term pregnancy before age 24 years; the low-risk group includes the remaining women, with at least one intact ovary.
44 on tamoxifen (RR = 1.63, 95% CI = 1.02 to 2.62; P = .04). Superfi cial phlebitis of the legs accounted for all of the excess in the tamoxifen group. No fatal thromboembolic event occurred in either group during the intervention period. One woman who had a superfi cial phlebitis at the beginning of the study developed a fatal pulmonary embolism 5.5 years after the end of treatment. The annual rate of thromboembolic events in the tamoxifen group was modest, however (4.45 per 1000 women-years), and the excess was restricted to women with conventional risk factors for atherosclerosis ( 10 ) . Rates of cardiovascular events, angina, and de novo hypertension were similar in the two groups, whereas cardiac arrhythmia and atrial fi brillation were more often diagnosed in women who received tamoxifen (RR = 1.73, 95% CI = 1.01 to 2.98, Table 4 ). More women in the tamoxifen group (six strokes, six transient ischemic attacks) than in the placebo (two strokes, fi ve transient Fig. 3 . Cumulative incidence of breast cancer in the highrisk group during and after treatment. Hazard ratios (HRs) (and 95% confi dence intervals) were calculated from Cox regression models adjusted for age and center. The high-risk group includes women taller than 160 cm, with at least one intact ovary, who were younger than age 14 years at menarche, and who had no full-term pregnancy before age 24 years; the low-risk group includes the remaining women with at least one intact ovary.
Fig. 2 . Cumulative incidence of breast cancer in the Italian
Randomized Tamoxifen Prevention Trial according to baseline risk profi le. Hazard ratios (HRs) (and 95% confidence intervals) were calculated from Cox regression models adjusted for age and center A ) in women without ovaries, B ) in women with at least one intact ovary, C ) in women at low risk with at least one intact ovary, and D ) in women at high risk with at least one intact ovary. The high-risk group includes women taller than 160 cm, with at least one intact ovary, who were younger than age 14 years at menarche, and who had no full-term pregnancy before age 24 years; the low-risk group includes the remaining women with at least one intact ovary.
ischemic attacks) developed a cerebrovascular event during intervention, although the difference was not statistically signifi cant (RR = 1.78, 95% CI = 0.70 to 4.52) ( Table 4 ; Supplementary  Table 3 , available online).
Unlike other adverse events, hypertriglyceridemia was not assessed specifi cally at each follow-up visit, and the analysis of this outcome relies on self-reports from patients and their physicians and subsequent confi rmation from laboratory fi ndings. A total of 37 women in the study had hypertriglyceridemia noted -8 in the placebo group and 29 in the tamoxifen group ( P <.001) (Supplementary Fig. 2 , available online). Because this information likely underestimates the true occurrence of hypertriglyceridemia in women in the study, the event rates for each group were not calculated.
Cancers Other Than Breast Cancer
A total of 91 cancers other than breast cancer developed among women who received placebo and 106 developed among those who received tamoxifen (Supplementary Table 4 and Supplementary  Fig. 4 , available online). No statistically significant differences by site were observed. Cancer of the colon or rectum was the most common form of cancer (n = 39), followed by nonmelanoma skin cancer (n = 23); cancers of the lung, trachea, and bronchus (n = 20); * Rate in the placebo group minus rate in the tamoxifen group. † Risk ratio (RR) for women in the tamoxifen group relative to women in the placebo group. CI = confidence interval. ‡ Among women who were free of symptoms at baseline. 
Cause of Death
A total of 74 women (placebo, 38; tamoxifen, 36) died after the initiation of the trial. Rates of death from all causes (RR = 0.95, 95% CI = 0.60 to 1.49) or from any specific cause were similar in the two groups ( Table 5 ; Supplementary Fig. 4 , available online). For 13 women, the cause of death remained unknown (the notification of death was obtained either from relatives or from municipal death registry). Cancer was the most common cause of death, with 25 women dying from malignancy in the placebo group versus 22 in the tamoxifen group. Colorectal cancer was the most common cause of cancer death (n = 11), followed by lung cancer (n = 9). Only four women, two in the placebo group and two in the tamoxifen group, died of breast cancer.
Discussion
The results of the Italian Randomized Tamoxifen Prevention Trial are in agreement with the preliminary reports showing overall no statistically significant reduction of breast cancer in otherwise healthy women who had undergone hysterectomy ( 3 , 7 , 8 ) . However, this updated report now shows a statistically significant reduction of HR+ breast tumors among women in the tamoxifen group relative to the placebo group; subset analyses also substantiated a strong risk reduction among women at high risk of developing HR+ breast tumors. Preliminary and updated results of the NSABP P-1 trial ( 1 , 14 ) and the STAR trial ( 5 ) reported undisputable results on the preventive effect of tamoxifen in women who were at increased risk of breast cancer, as calculated according to a modifi cation of the Gail model ( 15 , 16 ) , but whether these results could be extrapolated to all women would have remained unknown without the fi ndings of other large-scale trials. Differences in study populations among the various chemoprevention trials using tamoxifen may partly explain the different results and may also help to identify women who are most likely to benefi t from treatment ( 4 , 17 ) .
To date, there is a good evidence that tamoxifen reduces the incidence of HR+ tumors, particularly those expressing estrogen receptors. In our study, the risk reduction was stronger for tumors expressing both progesterone and estrogen receptors (ER+ and PgR+) than for tumors that were ER+ and PgR -. We also found a non -statistically signifi cant increase in the number of HR -tumors in the tamoxifen group of similar magnitude to that reported in the NSABP P-1 trial. Of interest, most of the HR -tumors in the tamoxifen group were diagnosed among women who were in the low-risk group. More important, no excess of breast cancers defi ned as intermediate or high risk on the basis of their clinicopathologic characteristics were seen in the tamoxifen group.
To assess whether tamoxifen treatment may be more effective in specifi c subgroups, we performed 20 subset analyses according to age at entry, type of hysterectomy, age at hysterectomy, family history, hormone replacement therapy use, and class of risk. None of these stratifi cations were proposed before the initiation of the study, but the two that led to statistically signifi cant results have been published in previous reports [stratifi cation by hormone replacement therapy use ( 3 ) and by class of risk ( 8 )]. Thus, we were able to assess, this time prospectively, whether the risk reduction of breast cancer was still evident after the publication of the initial reports. We previously reported ( 8 ) a strong protective effect of tamoxifen among women at high risk of HR+ tumors in particular, based on three patients in the tamoxifen group versus 15 in the placebo (HR = 0.18, 95% CI = 0.05 to 0.62). Since that report, we have observed nine new cases of breast cancer in the placebo group but only three in the tamoxifen group, thus substantiating the value of this selection criterion.
Among women who were assigned to the placebo group, the annual rate of breast cancer in the high-risk group (6.26 per 1000 women-years) was similar to that reported in the NSABP P-1 trial (6.29 per 1000 women-years), but the risk reduction was even stronger in our trial (4.76 per 1000 women-years versus 2.70 per 1000 women-years in NSABP P-1), although the difference between trials was of borderline statistical signifi cance ( P = .06). This potentially stronger risk reduction suggests that the criteria we used may further defi ne which women would be most likely to benefi t from tamoxifen treatment relative to the factors included in the Gail model, which identifi es women at high risk of developing breast cancer in general regardless of their endocrine responsiveness.
Our long-term data confi rm our previous fi ndings ( 7 ) of a 50% -60%, statistically signifi cant reduction of breast cancers with tamoxifen treatment relative to placebo in women on estrogen replacement therapy at random assignment. Although general use of hormone replacement therapy has been slowed after the results of the Women's Health Initiative trial ( 18 ), a substantial group of younger women will still benefi t from use of hormone replacement therapy for treatment of climacteric syndrome ( 19 ) . However, the risk of breast cancer associated with hormone replacement therapy is a main barrier for many women, so much so that there is interest in adding agents like tamoxifen to possibly lower this risk. However, the use of tamoxifen as a breast cancer preventive agent is limited by the risk of endometrial cancer and venous thromboembolism, two events that might be minimized by concomitant use of hormone replacement therapy. A phase 3 trial, the HRT opposed to low-dose tamoxifen study ( 20 ) of tamoxifen at 5 mg/day versus placebo, is ongoing in women on hormone replacement therapy to assess the effi cacy of this combined approach in an attempt to maintain the benefi ts while reducing the risks of both agents. We found no effect of tamoxifen treatment among women who had had both of their ovaries removed, regardless of their class of risk. Oophorectomy alone has been recognized as a valid breast cancer risk reduction option for women of all risk levels ( 21 ) . In our study, the annual rate of breast cancer in women who had undergone oophorectomy in the placebo group was even lower (1.81 per 1000 women-years) than in women classifi ed as being at low risk but with at least one preserved ovary (2.09 per 10 000 women-years). Interestingly, Gronwald et al. ( 22 ) studied the association of tamoxifen with contralateral breast cancer in women with BRCA1-or BRCA2-associated breast cancer. Tamoxifen treatment was associated with a reduction of contralateral breast cancer in that study but, as in our study, the reduction was not seen among women who had undergone oophorectomy. In the NSABP P-1 trial, 37% of the women had had a hysterectomy before entry. It is unknown whether tamoxifen was less effective among women who had undergone oophorectomy and who were at increased risk in that trial. Our data cast doubt about the benefi t of tamoxifen in women who had undergone oophorectomy and were at average risk of breast cancer.
A comparison of prognostic and predictive factors for breast cancer showed little difference between the groups in our study, although patients in the tamoxifen group had less advanced disease (more tumors < 5 mm, fewer patients with positive lymph nodes, fewer with multifocality), but less endocrine responsive tumors (fewer ER+ and PR+ tumors, the latter statistically signifi cantly so), than those in the placebo group. Nonetheless, the number of breast cancer -related events was similar in the two groups. Notably, cancer was the most common cause of death (47 out of 72 deaths), colorectal cancer being the most frequent (n = 11). However, the mortality rate from breast cancer was extremely low compared with that reported in the general population and in the other breast cancer chemoprevention trials ( 4 , 14 ) . Whether this low rate was the result of strict surveillance or appropriate treatments will be the subject of a separate investigation.
As in the NSABP P-1 trial ( 1 ), hot fl ashes and vaginal discharge represented the most frequent adverse events of tamoxifen in our study, but the excess was limited to the fi rst 12 months of intervention ( Fig. 4 ) . After this period, the occurrence of symptoms was similar in the two groups, suggesting a genetic susceptibility profi le in a subset of women. Among other genes, the cytochrome P450 gene CYP2D6, which is implicated in the metabolic activation of tamoxifen to endoxifen, has recently been associated with the occurrence of vasomotor symptoms in women with breast cancer who were treated with tamoxifen ( 23 ) . In that study, women with the CYP2D6*4/*4 genotype had a higher risk of disease relapse and a lower incidence of hot fl ashes than women with the wild-type gene or the CYP2D6*4/wt genotype. The potentially important role of CYP2D6 in the metabolic activation of tamoxifen, which was confi rmed in a subsequent report ( 24 ) , suggests that women with the CYP2D6*4/*4 genotype might be less likely to benefi t from tamoxifen as a chemopreventive agent than women with the wild-type gene or the CYP2D6*4/wt genotype.
In our study, women in the tamoxifen group complained more often about urinary disturbances (mostly incontinence) than women in the placebo group. Although little has been published on the effect of tamoxifen on bladder control, recent results of the STAR trial indicated an increased occurrence of urinary incontinence in the tamoxifen group relative to the raloxifene group ( 25 ) . Although there was no placebo group in that study, raloxifene has been shown to have no effect on bladder control and represents a suitable control group ( 26 ) .
In our study, women who were allocated to tamoxifen treatment reported statistically signifi cantly fewer headaches than women assigned to placebo. Although this association was not reported in the other chemoprevention trials, early studies of tamoxifen ( 27 , 28 ) demonstrated its potential effect on the relief of severe menstrual migraine. Substantial epidemiologic, pathophysiologic, and clinical evidence suggests a link between estrogen and progesterone and migraine headache ( 29 , 30 ) . Recently, Martin and Behbehani ( 31 , 32 ) reviewed the association between ovarian hormones and migraine headache and noted that estrogen and progesterone treatment can prevent or promote migraine headache under different circumstances, depending on their absolute serum levels, constancy of exposure, and types of estrogen/progesterone derivatives. Indeed, hormonal treatments, including oral contraceptives, estrogen replacement therapy, antiestrogen agents (tamoxifen), and gonadotropin-releasing hormone agonists followed by estrogen add-back therapy, have been proposed for the prevention of menstrual migraines as an alternative to nonsteroidal antiinfl ammatory drugs and ergotamine derivatives ( 33 ) .
We previously provided an extensive description of the thromboembolic events in our trial and tried to identify women who were most likely to develop these events ( 10 ) . Our data indicated that, although tamoxifen slightly increased the risk of venous thromboembolic events in our population, the excess was restricted to superfi cial thrombophlebitis, which is not a serious adverse event per se, during the fi rst 18 months of treatment. The development of thromboembolic events after 18 months of treatment was similar in the two groups. The risk of venous thromboembolic events associated with tamoxifen was particularly elevated in women at high risk for coronary heart disease. In a meta-analysis of the preliminary results of the four major primary prevention trials of tamoxifen involving a total of 28 406 women ( 4 ), the use of tamoxifen was associated with 118 serious venous thromboembolic events versus 62 in the placebo groups (RR = 1.9, 95% CI = 1.4 to 2.6), including six versus two patients with fatal pulmonary emboli. The risk of superfi cial thrombophlebitis was doubled with tamoxifen relative to placebo (68 versus 30 events). A complete assessment of the baseline risk of venous thromboembolic events should be an important component of counseling women on the use of tamoxifen, particularly in the prevention setting.
Atrial fi brillation ( 34 ), the most common type of arrhythmia in adults, is a major risk factor for stroke but has not so far been associated with tamoxifen treatment of women with breast cancer and its use in the prevention of breast cancer. Although women with major cardiac disorders and those taking anticoagulant therapy were excluded from the trial, a small proportion of participants developed atrial fi brillation during the trial, with a statistically signifi cant excess in women receiving tamoxifen. Similarly, cerebrovascular events were more frequent among women in the tamoxifen group than in the placebo group and, as in the NSABP P-1 trial ( 14 ), the difference was more pronounced for strokes than for transient ischemic attacks. Two of the women in the tamoxifen group who had signs of atrial fi brillation continued the intervention and developed a nonfatal cerebrovascular event (one stroke and one transient ischemic attack). These and other results suggest that tamoxifen may be responsible for the development of cerebrovascular events, specifi cally strokes, which could be mediated by the appearance of cardiac arrhythmias. Tamoxifen withdrawal may be recommended in these women.
The current analysis confi rmed our preliminary fi nding of an excess of hypertriglyceridemia in women receiving tamoxifen compared with placebo ( 3 ). Although hypertriglyceridemia is rare, yet likely to be underestimated by the lack of a systematic search during the study, the association we observed is supported by several reports ( 35 -37 ) . Recently, Liu and Yang ( 38 ) showed that, in breast cancer patients, reducing tamoxifen dose is associated with a decrease in the marked hypertriglyceridemia that occurs in some patients during tamoxifen treatment.
Overall mortality was similar in the two treatment groups, in agreement with the results from the NSABP P-1 trial; however, the annual death rates in the Italian Randomized Tamoxifen Prevention Trial were much lower than those in the NSABP P-1 trial (1.54 per 1000 women-years versus 2.80 per 1000 womenyears in the placebo group), suggesting that these populations have markedly different risk factors and lifestyles. This difference in mortality rates could also be largely attributed to the higher proportion of elder women in the NSABP P-1 trial than in the Italian trial. The proportion of women aged 60 years and older at the time of randomization was 30.0% and 11.5% in the NSABP P-1 and the Italian trials, respectively.
One potential limitation of the study is that the major fi ndings derive from subset analyses that were not planned in the initial study protocol. Therefore, it is possible that some of our fi ndings might be due to chance. However both the statistically signifi cant reduction of PgR+ breast cancers and the overall statistically signifi cant reduction of breast cancer in women at high risk of the disease have been previously observed in other chemoprevention trials (1, 2, 4) . We also observed a statistically signifi cant reduction of breast cancer in the subset of women on estrogen replacement therapy; however, this fi nding was already present in our previous report ( 3 ), which was based on a limited number of events. Thus, although we cannot completely exclude the role of chance, our fi ndings are compatible with prior reports.
In summary, this update of the Italian Randomized Tamoxifen Prevention Trial confi rms that tamoxifen reduces the incidence of breast cancer in a subset of women who are at high risk of dev eloping hormone-related tumors, including women on estrogen replacement therapy. Tamoxifen did not further reduce the risk of breast cancer in women who had had their ovaries removed but might in fact favor the development of HR -tumors in women at low risk of breast cancer. Tamoxifen decreased incidence of headache but slightly increased the risk of developing menopausal symptoms, hypertriglyceridemia, superfi cial thromboembolic events, arrhythmias, and cerebrovascular disease. Therefore, a complete assessment of baseline cardiovascular risk should become an important component of counseling women on the use of tamoxifen, particularly in the prevention setting.
